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BIOLOGICALLY ACTIVE MATEMALS 

FIELD OF THE INVEPmON 

S Hiis invention relates to biologically active materials, and» in particular, to materials 
which comprise a polymer linked to a biologically active agent The invention is 
concerned with materials known as polymer-drug conjugates wliich typically contain 
a therapeutic agent, for instance, a bioacdve cytotoxic drug, linked to a polymer 
backbone. The linkage between th& polymer and the drug is typically by covalent 
10 bonding. However the invention is applicable to other polymer conjugates including 
those where the biologically active agent is an imaging agent, such as tyrosinamide, a 
di^osdc agent, or a targeting agent, such as biotzn. 

Reference will be made hereinbelow to polymer-diug conjugates and, more 
IS particularly, to those in which the drugs are anticancer agents. However, &e present 
invention has application in connection with other dn^ and/or bioactive agents. 

BACKGROUND OF THE INVENTION 

20 In desigmi^ a polymerTdrug conjugate, the aim is to deliver a drug effectively to a 
then^utic site such as a tumour. It is known, for instance, that polymer-drugs given 
intravenously can accumulate selectively in solid tumour tissue by the EPR effect 

The most commonly used anticancer agents are low molecular weight compounds 
25 which readily gain access to cells by n^id passage across the ceil membrane. After 
intravenous (TV) administration, a large percmtage of the izijected dose leaves the 
circulation within a few mmutes, resulting in a ubiquitous body distribution of drug 
and littie selective concentration ui tumour tissue. By crestii^ a. macromolecular 
polymer-anticancer drug conjugate, there is provided an opportnnity to inrpioye 
30 tumour specific teu^eting» to mimmise drug entry uxto sites of toxicity, to contioi 

1 
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precisely the rate of drug liberation at the target site (giving opportunities for long- 
teim controiled release) and deliver the active principal intraceUularly, providing a 
means to overcome p-glycoprotein related multidrug resistance. 

5 Numerous polymers have been proposed for synthesis of polymer-drug conjugates 
including polyaminoacids, polysaccharides such as dextran, and synthetic polymers 
such as N-(2-'hydroxypropyl)methacrylamide (HPMA) copolymer. However, these 
polymers have lunitations. For example, a dextran-doxorubicin conjugate has been 
tested climcally and been found to fee much more toxic than the parent drug and the 
1 0 HPMA copolymCTS which have been clinically tested have the disadvantage of being 
nqn-biodegradable in the main chain. 

STATEMENTS OF INVENTION 

1 5 . Hie present invention provides a polymer-drug conjugate in which the polymer is the 
polysaccharide dextrin. The polymer-drug conjugate may be one in vrtiich the 
polymer is linked directly to the drug or one in which the polymer is linked indirectly 
to the drug, for instance, by means of a "biodegradable spacer" to which both the 
drug and the polymer are linked The d^ctrin is preferably a non-cyclic dextrin. 

20 

It has been found that d^Orin is not only a suitable material for fonnii^ a 
- biocompatible polymer-drug conjugate cs^able of delivering a drug to a target site 
and of releasing the drug at such a site but is also biodegradable in a mann^ such 
that it may be used at a molecular weight which is suitable for the particular drug and 
25 its application without any upper limit imposed by the need to ensure excretion of the 
polymer. 

The term "dextrin" means a glucose polymer which is produced by the hydrolysis of 
starch and ^ch consists of glucose units linked together by means mainly of alpha-* 
30 1.4 linkages. Typically dextiins are produced by the hydrolysis of starch obtained 
from various natural products such as i^eat, rice, maize a^ In addition to 

2 
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''■i alpha- 1«4 linkages, there may be a proportion of alpha-U6 linkages in a particular 
dextrin, the amount depending on the starch starting material. Since the rate of 
biodegradability of alpha- 1,6 linkages is typically less than that for alpha- U4 
linkages, for many applications it is preferred that the percentage of alpha-1,6 

5 linkages is less than 1 0% and more preferably less than 5%. 

Any dextrin is a mixture of polyglucose molecules of different chain lei^ths. As a 
result no single number can adequately characterise the molecular weight of such a 
polymer. Accordingly various averages are used, the most common being the weight 
10 averz^e molecular weight (Mw) and the number average molecular weight (Mn). 
Mw is particidarly sensitive to chaoses in the high molecular weight content of a 
polymer whilst Mn is largely influenced by changes in the low molecular weight of 
the polymer. 

15 It is preferred that the Mw of the dextrin is in the range from 1 ^000 to 200.000, more 
preferably fiom 2,000 to 55,000. 

The term * degree of polymerisation' (DP) can also be used in connection with 
polymer mixtures. For a single polymer molecule, DP means the number of polymer 
20 units. For a mixture of molecules of different DP's, weight avenge DP and number 
average DP correspond to Mw and Mn. In addition DP can also be used to 
characterise a polymer by referring to the polymer mixture having a certain 
percentage of polymers of DP greater than a particular number or less than a 
particular number. 

25* 

It is {He&rred that, in the dextrin*drug conjugate of the present invention, the dextrin 
contauis more than 15 % of polymers of DP greater than 12 and, more preferably, 
more than 50% of polymers of DP greater than 12. 

30 Hie drug loading on the polymer is preferably fitmi 0.5 to 99.5 mole %. 
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A tazgeting group may be attached either directly or indirectly to the polymer of the 
conjugate. It is preferred that the ratio of drug to targeting group is ftom 1 99 to 
99:1. 



Preferably the dextrin used in a dextrin-dnig conjugate of the present invention is 
water soluble or at least forms a suspension in water. 



The dextrin of a dextrin-drug conjugate of the invention may be in the form of either 
unsubstituted dextrin (as obtamed.by the hydrolysis of the starch) or may be 
substituted by one or more different groups. Tbs substittients may be negatively 
charged gpyyrps, for instance, sulphate groups, neutral groups or positively charged 
groups, for instance, quaternary ammonium groups. In die case where the subsistcnt 
group is sulphate, it is prepared tiiat the sulphated polysaccharide contains at least 
one sulphate group per saccharide (glucose) unit. A particular dextrin sulphate is 
IS dextrin-2-suIphate. 

Examples of drugs which may forai suitable conjugates witii dextrin are:- alkylating 

agents sudi as cyclophosphamide, melphaian and carmusline; antimetabolites such as 
methotrexate, 5-fluorouracil. cytarabine and mercaptopurine; natural products such as 
anthiacyclines (eg daunorubicm, doxorubicin and epiiuKdn). vinca alkaloids (eg 
vinblastine and vincristine) as well as dactinomycin, mitomycin C, taxol, L- 
^''P^'""^^ G-CSE; and platinum analogues such as dsplatin and carboplatin. 

nie presem mvention also provides a pharmaceutical composition comprising a 
25 dextrin-drug conjugate and a phaimaceuticaUy acceptable excipient or diluent 
therefor. 

In addition, die present mvention provides die use of a polymer-drug conjugate of die 
invention in the treatment of a medical condition in connection widi which die drug 
30 is effective. Furflieimore, die invention provides die use of a polymer^ 



4 



wo 98/56424 



PCT/GB98/01567 



conjugate of the invention in the tnanu&cture of a medicament for use in the 
treatment of a medical condition in connection with which the drug is effective. 

The present invention also provides a method of treating an animal subject, including 
5 a human being, including treating the animal subject with a phannaceutically 
effective dose of a dextrin-drug conjugate. The conjugate may be administered by 
any appropriate method, for instance, intravenously, intraperitoneaily, orally, 
parentally or by topical s^licatiozL 

10 Various methods have been proposed for the preparation of polymer-drug conjugates. 
^Wthin the scope of the present invention is a method comprising succinoylating 
dextrin and reacting the succinoylated dextrin with a drug or reactive derivative 
thereof. 

15 Preferably, the dextrin is dissolved in anhydrous dimethyl formamide and is 
contacted with dimediyl amino pyridine and succinic anhydride. The resultant 
mixture is then purged with an inert gas and chemical reaction is allowed to take 
place over a prolonged period, preferably at least 12 hours. 

20 The resultant succinoylated dextrin is reacted with a drug or dxjxg derivative eg. 
doxorubicin hydrochloride to form the polymer-drug conjugate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a graphical illustration of the effect of dextrins on red blood cell lysis. 

FIG. 2 is a graphical illustration of the efi^ of compounds MLD 15/73, MLD 5/29 
and DXO 40G against Poly L lysine and Dextran. 

FIGS. 3A and 3B illustrate the synthetic toute for the preparation of dextrin- 
doxorubidtL 

30 FIG. 4 is a gnqducal illustration of the cytotoxicity of doxorubicin and a dextrin-dox 
conjugate against L1210 ceUs (72h). 
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FIG. 5 is a gr^hical mustration of tumour levels of doxorabicin after administration 
of dextrin-doxorubicin and fiee doxonibicin. 

FIG. 6 iUustrates an electrophoresis curve for the crude and purified radiolabelled 
dextrin-tyrosinaniide. 

5 FIGS. 7A, 7B and 7C illustrate body distribution of 1251-labeUed dextrin (MW 
51000) at 5 minute s, 30 minutes and 1 hour respectively. 

FIG. 8 illustrates the elution of radioactivity &om a PDIO Column (Sephadex G-25). 
FIG. 9 illustrates the stability of dextrins of different molecular weight in Saline 
Phosphate Buffer at pH 7.4 without fnzymes. 

10 FIG. 10 illiistraies the stabiUtyofdextrinsofdifferent molecular weight in SaU 
Citrate Buffer at pH 5.5 without enzymes. 

FIG. 11 illustrates DXO 40G degradation and low Mw saccharides release profiles 
durii^ mcubation in rat plasma at 37 C. 

FIG. 12 illusnates MLD 15/73 degradation and low Mw sacdiarides release profiles 
15 in rat plasma at 37 C. 

FIG. 13 illustrates degradation of dextrin MDI5/73. 

EXAMPLES OF THE INVENTION 

20 The present invention will now be further described with reference to the following 

examples. In these examples three dextrin materials are used, their molecular weight 
characteristics being as follows (Table 1):- 



25 



Code 


Mw 


Mn 


Mw/A(fo 


MLD5/29 


SK 


6K 


2.74 


DX04/0G 


15K 


6K 


2.74 


MLD15/73 


51K 


28K 


1.84 



Table 1: Examples confirming the BiocompatibUity of Dextrins 
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Example I: Effect of Dextrim on the stability of rat red blood ceUs incubated in 
vitro. 

Method:- Dextrins of different molecular weight were incubated with isolated rat 
red bicod cells (RBC) and haemoglobin release detected spectrophotometrically. 
S Various dilutions of the test polymers (dextrins) and of the reference polymer 
polyethyieneimine were made up in PBS and mixed with an equal volume of fiesh 
2% w/v suspension of rat RBCs. This preparation was centrifiiged at 1 500 x g for 1 0 
nun at room temperature. Then, 100 )xl of the supernatant was removed and the 
levels of haemoglobin quantitated spectrophotometrically at 5.30 nm. The results 
10 illustmted in Figure 1 were e^qjressed as % lysis relative to that of a Triton X-100 
control (Sigma) which gave 100% RBC lysis. 

Results:- None of the dextrin polymers induced red cell lysis. Polyethyieneimine 
and the detergent Triton X-lOO (control 100% lysis) both caused haemoglobin 
15 release. 

Example 2: Cytotoxldty of unmodified dextrins against LI210 cells. 
Metibod:- L 1210 cells were seeded at a density of IxIO^ cells per well mto 96 well 
20 V bottomed microtiter plates (Costar) m RPMI 1640 tissue culture media (Gibeo) 
supplemented with 10% Foetal Calf Serum (PCS) (Gibeo). All incubations were 
earned out at 37°C iri an 

The cells were then left for 24h. Prior to being uxcubated with the polymers, the cells 
25 were centrifiiged at 1000 x g for 10 minutes at room temperature. This served to 
pellet the cells and allow the removal of die media. The polymers vmre then 
dissolved in RPMI 1640 contauung 10% PCS and filter sterilised ibrousji 02 fi 
filters (Aerodisk). Followmg this, the pellet was resuspended in media containing 
the appropriate concentration of the dextrins of different molecular weight Positive 
30 and negative reference controls were incorpomted, dextran Mw 72 000 (Sigma) as a 
negative control and poly(L'*Lysuie) Mw 56 500 (Sigma) as a positive control These 
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polymers were added to cells at the same concentrations as the test polymers. The 
tetrazoUum dye MTT was used to assess cell viability. The cells were then incubated 
for 67h prior to the addition of the MTT. AflCTafiirtherincubationperiodof 5h, the 
cells in suspension were subjected to centrifugatioa the media removed and 100 /d 
5 of optical grade DMSO (Sigma) added. The plates were read at 550 mn using a 
Titerteck plate reader. The results are illustrated in Figure 2. The % viabilities are 
optical densities (OD*s) expressed as a % of the OD seen in cell cultures containing 
no polymer, 

10 Results:- None of the dexttins was cytotoxic. The toxic effect of the reference 
control poly-L'Lysine can be seen. 

Examples Relating to Dextrin Modification for coupling of pendent groups 

15 To bind pendent drugs or side chains to dextrins there are a number of possible 
. activation methods that may be used These include: 

a) Periodate oxidation: This is a ring opening method resulting in 
polyaldehyde derivatives of a polysaccharide (Bruneel and Schacht 1992). 

20 Unfommately this reaction is prone to a number of side reactions that makes the 
production of single, pure, easily characterised conq)Ound quite difficult In 
particular thm is evidence for the formation of intra-residual heniiacetal formation. 
However, when formed aldehyde gpmps represent sites where amines can be 
attached to die polymer in the form of Schiff base stmctures or alkyl amines. 

25 . 

b) The 4-nitrophenyl chloroformate method: This is easily catried out at 0*C 
and there is much information available on the axialysis of the various gioiq>s that do, 
or do not, react Clean up/purification procedures would a]>pear to be straightforv^^ 
and percmtage reactivity of active groups in the range of interest would ^ppeax to be 

30 controllable to an effective extent There is some concern, howevor, over the 



8 



wo 98^24 



PCT/GB98/01567 



formation of undesirable five membered cyclic carbonates (Bruneel and Schacfat 
1992). 

c) Succmoylation: Activation by sucdnoyiadons is also an easily peiformed 
S operation. The conditions employed are however somewhat acerbic by comparison 

with the chloroformate method Hie initial reaction requires refluxing at 40*'C for 
24hr in dry DMSO» but results in the formation of carbonate functionalities. This 
reaction also includes an extra step on the way to the production of the amine 
derivative by virtue of going through an intermediate step involving NJNT- 
10 carbonyldiimidazol. Here too, purification would ai^ear to be relatively 
uncomplicated, 

d) Cyanogen Bromide activation: Activation by cyanogen bromide is easily 
carried out in aqueous conditions at room temperatures. (Immobilised ASimty 

IS Ligand Techniques, Herman GT. Mallia AK and Smith PK. Pub: Academic Press, 
New Yoric, 1992). Excess reagent must however be neutralised and eliminated as it 
may liberate hydrogen cyanide in an acidic environment In addition to this side 
reactions may occur resuitii^ in several reactive intermediates. It does however have 
advantages in that a primary amine can be introduced durectly on the reactive 

20 intermediate. Finally there is evidence for the linkage being unstable resulting in 
slow release of the pendant group which may or may not be advantageous or 
desirable. ' 

Example: Modification of dextrins by snccinoylation and reaction with 
25 compounds containing amino groups ( in relation to (c) above). 

All three dextrin samples were modified by means of succmoylation. Initially, 
attempts to modify the samples to the extent of 50, 20, 10, 5, 2.5 and 1 mol% were 
carried out. The sample with the highest molecular weight vras talcen forward for 
further reaction with tyrosinamide and doxorubicin. 
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Example 3.1: Syndesis of SucdniqrlatedDextriiu. 

In tripUcate batches of dextrin (Ig, MD 15/73, 1.94 x 10 * mol) was dissolved in 
anhydrous dunethyl foimamide (DMF, 10 m). Dimethyl amino pyridine (DMAP. 
28 J mg) was then added followed by sucdoic anhydride (62 mg, 6.2 x lO"* mol, 10 
mol %). The mixture was then purged with nitrogen, sealed and left to stir for 24 h at 
temperatures of 20, 30, 40 and 50«C. Following this the reaction mixture was poured 
onto rapidly stirring diediyl ether (100 ml) and magneticaUy stinted overnight The 
ether was then removed by filtration under vacuum and the resulting solid dissolved 
into a mmimum of distilled water poured mto a dialysis membrane (Visking tubing, 
MW cut-off 12000-1400) and purified by dialysis against 2 x 2L of distilled water. 
The resulting solution was feeze dried and recovery calculated. Degree of 
succmoylation was the determined by titration against a relevant standard of NaOH. 
After appUcation of the students T-Test there was no difference in the degree of 
sucdnoylation for any reaction condition. Results are shown m Table 2. 



Table 2. Results of the effect of temperature on fte sucdnoylation of dextrin 



Temperature 


% Recovery (g)(±SD) 


Mol % Succinoylation (± SD) 


20* 


ND 


ND 


30 


53.3 (6.7) 


6.64 (0.74) 


40 


73.4(10.7) 


5.49(0.32) 


SO 


42.6(123) 


226(0,12) 



* Did not dissolve - 



As an alternative procedure the product may be purified by gel filtration, 
ultrafiltration or centrifi^on against a pore controlled membrane. 

The same reaction conditions (adjusting the ratios of the components or solvents) 
were used to achieve degrees of succinoylation of tiie dextrin samples of different 
molecular weights (MW 4950, 15000 and 51,100). See Table 1. 
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Example 3.2: Conjugation of Doxorubicin to Succinoyiated Dextrins. 
Succinoylated dextrin (51 mg, 1 x KT* mol, MD 15/73, 5.3 mol % succinoylation) 
was dissolved in 2 ml of distilled water, , to diis was added EDC (3.51 mg LSxlO"^ 
mol). This was allowed to react at room temperature while gently stirring for 30 mxn. 
5 After this time Doxorubicin hydrochloride (Pharmacia) was added (9.67 ml of a 1 mg 
ml'* soludon, 1.67x10*' mol). The reaction vessel was wra^ed in foil and allowed to 
stir overnight at room temperature. The product was isolated by solvent extraction 
with chloroform and passage over a LH 20 sxqserdex column (Pharmacia) followed 
by freeze drying to constant weight. Finally free and conjugated Doxorubicm was 
10 measured by extractive HPLC. Results of various conjugations are summarised in 
Tables. 



Table 3. Incorporation of Doxorubicin on various Dex-Dox Conjugates 



Succinoylation 
Mol% 


Coi^ling 
Conditions 


Time 


Percent W/W incorporation 


0.5 


EDC/Water 


Ovemi^t 


0.127 


6.53 


EDC/Water 


Ovonight 


42 


6.53 


CDI/DMF 


Overnight 


3.9 


5.3 


CDI/DMF 


4 hours 


2.1 


14.9 


EDC/waxei/Sulpho 
-NHS 


4 hours 


6.39 


14.9 


EDC/WATER 


4 hours 


2.82 



15 Alternatively Doxorubicin may be conjupted using Sulpfao-NHS and EDC in 
aqueous ccmditions to improve coupling yields or with other peptide coiq)ling agents 
and solvent of choice. 

The synthetic route for the preparation of dextrin-doxorubicin is illustrated in Figures 
20 3a and 3b. 

Example 33: Conjugation of Tyrosinamide to Succinoylated Dextrin. 

Succinoylated dextrin (57.7mg, MD 15/73, 1 mol%) was dissolved in 3ml of DMF, 
to this was added GDI (10.4mg, 6-4 x 10'^ mol) dissolved in DMF (1ml). This was 
25 allowed to react at 25^C while stining for 1 h. After this time tyrosinamide (97mg, 

II 



wo 98/56424 



PCT/GB9aD1567 



8.96 X Kr'mol was dissolved in DMF (Iml) and added to die reaction. This was 
allowed to react stimng at room temperature at 25'»C for 48 h. The product was 
isolated by removal of the DMF by rotary evaporation. To the product was added 
water (3ml) followed by fieeze drying until constant weight was maintained. The 
3 product was purified by dialysis against distilled water (24 h). 

Example 3.4: Conjugation of Biotin Iqrdrpzide to Sncdnoylated Dextrin. 

Succinoylated dextrin (57.7nig, MD 15/73, 1 mol %) was dissolved m Sml of DMF. 
to this was added CD! (10.4mg, 6Ax IQ-'mol) dissolved in DMF (1ml). This was 

10 aUowed to react at 25''C vHnle stirring for 1 hour. After this time biotin hydrozide 
(97mg. 8.96 x IQ-'mbl was dissolved in DMF (Iml) and added to the reaction. This 
was allowed to react stinii^ at room tempetanire at 25**C for 48 hour. The product 
was isolated by removal of the DMF uising by rotary evaporation. To the product 
was added water (3ml) followed by freeze drying until constant weight was 

15 maintained. The product was purified by dialysis against distilled water (24 h). 

Example 4: Evaluation of the cytotoxicity of doxorubicin and dextrin- 
. doxorubicin conjugates. 
Metiiod:- L1210 cells were seeded at a density of 1x10* cells pw well into 96 well V 

20 bottomed microtiter plates (Costar) in RPMI 1640 tissue culture media (Gibeo) 

supplemented witii 10% Foetal Calf Scrum (FCS) (Gibeo). All incubations were 

carried out at SVC in an atmosphere of 5% COj. 

The cells were then left for 24h. Prior to being incubated widi die polymers tiie cells 
25 were cenirifiiged at 1000 x g for 10 minutes at room temperature. This served to 
pellet the cells and allow the removal of the media. 

Doxorubicin and dextrin doxoruUdn woe then dissolved in RPMI 1640 containii^ 
10% FCS and filter sterilised dirough 0.2ji filters (Aerodisk). Following this, the 
30 pellet was resuapended in media containing tiie appropriate concentration of drug or 
drug conjugate. 

12 
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The tetrazolixim dye MTT was used to assess cell viability. The cells were incubated 
for 67h prior to the addition of the MTT. After a finther incubation period of 5h, the 
cells in suspension were subjected to centrifugadon, the media removed and 100 fil 
of optical grade DMSO (Sigma) was added. The plates were read at 550 mn using a 
5 Titerteck plate readen Results (OD) were exjaessed as a % of the OD seen in cell 
cultures contaming no polymen They are illustrated in Figure 4 

Results:- It can be seen that both doxorubicin and the dextrin doxorubicin conjugate 
(prepared in example 3^) were toxic to L1210 cells in vitro. This confirms that 
10 active doxorubicin can be released from the conjugate over the 72h incubation 
period. It is not surprising that the conjugate is less active than the parent drug in 
vitro. This is a well known phenomenon attributed to the very slow capture of a 
polymeric drug by cells by the mechanism of endocytosis. Free doxorubicin 
penetrates the cell immediately by passing across the cell membrane. 

15 

Example 5: Experiments to demonstrate the targeting on dextrm-doxombicin to 
sc. B16F10 (mouse melanoma). 

]VIetfaod:-C57 black mice were injected subcutaneously (sc) with 10^ B16F10 
melanoma cells in normal saline (100 The mice were checked daily for the 

20 appearance of tumours and Miien palpable (10-13 days) the mice were then injected 
iv with dextrin-doxorubicin (6.0 wt % dox) at a dose of 5 mg/kg dox-equivalent. The 
mice were culled after 1 min, 1 and 24 h and the tumours were retnoved, weighed 
and homogenised in double distilled water (2 ml). The total doxorubicin content was 
measured by HPLC after acid hydrolysis and extraction into 4:1 chloroform : 

25 isopropyl alcohol. Doxorubicin content was then esqjressed as fig dox/per g of 
tumour. 

Resiilts:-Afier administration of dextrin-doxorubicin no signs of toxicity were 
obsen^ It can be seen that administration of drug as a dextrin conjugate resulted in 
30 significantly higher tumour levels than seen following administration of free drug 
(Figure 5). 
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Example 6: Radiolabelling of Dextrin-tyrosmamide. 

Method:- To allow monitoring of body distribution and rate of degradation the 
highest molecular weight dextrin-TyrNH2 was labelled using the Chloramine T 
5 method. 

Dextrin-tyrosinamide (5mg) was dissolved in phosphate buffer (0.5ml, O.OSM, 
pH7,0. Na[*^'I]iodide (5^1. 5mCi) was added to the reaction vessel and was left 
stilling for 2nun. Chloramine T<75jxl, 2mg/ml) was added and left stirring for 
10 ISmin. Sodium metabisulphate (SOO^l 2mg/nil) and a crystal of potassium iodide 
was added to the reaction vessel and left for 2 rnm 

Specific activity and purity was determined by paper electrophoresis, Whatman 
chromatognq)hy paper (5 x 30 cm strips) were divided mto 5mm strips by pencil (40 

15 strips). Marking the fifth strip as the point of application for the sample. The paper 
was soaked in barbitonc buffer (Sigma B6632) and then blotted dry. Into a paper 
electrophoresis tank (Shandon) was placed the same buffer and the paper was placed 
on tiie supporting bars. Na[^"riiodide (4^1) was placed on the plication point 
nearest the anode as a reference and the crude and pure radiolabelled polymer (4^1) 

20 was placed on the application point nearest tiie anode as a reference and the crude 
and pure radiolabelled polymer (4^1) was loaded onto separate strips. The tank was 
connected to a power si^ly and the samples run for 30nin at 400V (constant 
voltage). The chromatography papers were removed and each 5mm strip was cut, 
and placed into counting tubes with 1ml of water in each and the presence of 

25 radioactivity was measured usmg a gamma counter (Packard), The results were 
plotted as counts per minute against distance migrated. Results are illustrated in 
Figured. 

Results^ The dextrin product was radiolabelled and bad a specific activity of 
30 approximately 20^Ci/mg. 
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Example 7: Body distribution of ^^I-labelled dextrin* 

Adult male Wistar rats were anaesthetised with a mixture of oxygen and 
isoflurothane and radiolabelled dextiin-tyrosinaniide (lOOfil, specific activiQr 
I1.8)xCi/mg) were injected iv, ip or subcutaneous). The rats were culled after the 
5 desired time using caifaon dioxide. The rat was weighed and all mtgor organs (lungs, 
heart, liver, kidneys, spleen, thyroid, urine, bladder or blood) were removed After ip 
administration a peritoneal wash was also taken. The organs were homog^sed m 
water and samples (1ml in triplicates) were counted in the gamma counter. The 
results expressed as % dose injected for each organ are illustrated in Figures 7a, 7b 
10 and 7c. 

Samples of the urine were subjected to gel permeation chromatography (GPC) using 
a PDIO column to evaluate the degradation of the polymer in the body. Results are 
shown in Figure 8. 

15 

Results:- After Ih most of the radioactiviQr recovered following both ip and iv 
injection was detected in the urine and &eces. GPC analysis of urine samples 
indicated liberation of low molecular weight degradation products. 

20 Example 8: Evaluation of the rates of hydrolytic and en^rmatie degradation of 
dextrin samples of different molecular weight 

Experiments were earned out to determine the stability of the three dextrin samples 
in physiological buffers (pH 7 A and 5.5) and also in the presence of tnzymes 
(plasma and lysosonial enzymes (tritosonies). 

25 

The molecular weight of the samples and changes with time were monitored by gel 
permeation chromatography. Two types ofexperiment were undertaken. 

Example 8.1:- Degradation of native and modified non-radioiabeUed dextrins by 
30 enzymes foOowed liy HPLCVGPC with RI detection. 

Method:- GPC size exclusion was carried out usmg a TSK G5000 PW and G2000 

PW columns in series (7.5 x 300 mm). The sample injection loop was 20^1, the 
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mobile phases used were saline phosphate buffer (PBS) at pH 7.4 and later high salt 
(NaCl 0.2SM) citrate buffer at pH 5.5 made with double distilled ^er in both cases. 
The eluant flow rate in all cases was Imi min\ 

5 Column calibration was carried out with puUulan and glucose molecular weight 
standards. The method of detection was by means of differential refiactometry using 
a Knauer re&active index detector. 

Samples (at concentration of approximately 5mg nd'*) were incubated in the 
10 appropriate buffer (with or without enzymes) for several days at 37°C. At various 
time periods a smaU sample was taken and subjected to GPC. 

Results:- In the absence of enzyme, the dextrin samples at 37°C did not show any 
evidence of hydrolysis. Figiires 9 and 10 illustrate the stability of dextrin of different 
15 molecular weights in buffers without enzymes. When plasma enzymes were added 
samples degraded rapidly ovg: the first hour and more slowly thereafter Addition of 
lysosomal enzymes did not cause dextrin degtadation. Figures 11 and 12 illustrate 
for samples DX0409 and MLDlS/73 respectively, the dextrin degradation and low 
molecular weight saccharides release during incubadon in mt plasma at 37°C. 

20 

Example 8^: Degradation of ^^I-labelled dextrin measured by FDIO GPC 
Method:- Thie rac^dlsQjeUed dcs^^ for thie^bbdy distribution studies 

was also incubated with plasma and lysosomal enzymes and samples si:d3jected to 
PDIO Sephadex chromatography to evaluate the late of degradation. Fractions 
25 eluting from the colunm were assayed for radioactivity and the results ^qiressed as 
the percentage decrease in peak one (the polymer peak). The results for dextrin 
sample MD15/73 are illustrated m F^ure 13. 

Results;- Although the polymer sample degraded nqridly m ^ presence of plasma 
30 enzymes die product iqjpeared stable in the presence of lysosonoudenz^ 

IS1813 
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CLAIMS 

1. A polymer-dnig conjugate in which the polymer is the polysaccharide dextrin 
which is linked either directly or indirectly to the drug. 

5 

2. A polymer-drug conjugate according to claim 1 in M^ch the drug is doxorubicin. 

3. A polymer-drug conjugate according to claim 1 or claim 2 in which the dextrin is 
a non-cyclic dextrin. 

10 

4. A polymer-drug conjugate according to any of the preceding claims in which the 
percentage of alpha-1,6 linkages in the dextrin is less than 10%. 

5. A polymer-drug conjugate according to claim 4 in which the percentage of alpha- 
IS 1,6 linkages in the dextrin is less than 5%. 

6. A polymer-drug conjugate according to any of the preceding claims in which the 
weight average molecular weight of the dextrin is in the range &om 1,000 to 
200,000. 

20 

7. A polymer-drug conjugate according to claim 6 in which the weight average 
molecular weight of the dextrin is in the range from 2,000 to 55,000. 

8. A polymer-drug conjugate according to any of the preceding claims in which the 
25 dextrin contains more than 1 5% of polymers of DP greater than 12. 

9. A polymer-drug conjugate according to claim 8 in ^^ch the dextrin contains 
more than 50% of polymers of DP greater than 12. 

30 10. A polymer-drug conjugate according to any of the preceding claims in which the 
drug loading on the polymer is from 0.5 to 99.5 mole %. 
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11. A polymer-drug conjugate according to any of the preceding claims in vMch a 
taigetii]^ group is attached either directly or indirectly to said polymer, 

5 12. A polymer-drug conji^ate according to claim 1 1 in vAiich the ratio of drug to 
targeting group is from 1 : 99 to 99 : 1 . 

13. A polymer-drug conjugate according to any of the preceding claims in which the 
dfflrtrin is water soluble or atjeast forms a suspension in water. 

10 

14. A polymer-drug conjugate accordmg to any of the preceding claims in which the 
dextrin used is in the form of unsubstituted dextrin. 

1 5. A polymer-drug conjugate according to any of the precedii^ claims in the 
15 dextrin is substituted by negatively charged, neutral, or positively charged 

subsdtuent groups. 

16. A polymer-drug conjugate accordmg to claim IS wherein die substituent gnnq) is 
sulphate. 

20 

17. A polymer-drug conjugate according to claim 16 wherein the sulphated 
polysaccharide contains at least one sulphate group per saccharide (glucose) unit 

18. A pharmaceutical composition comprising the dextrin-drug conjugate of any of 
25 the preceding claims and a pharmaceutically acceptable excipient or diluent 

therefor. 

19. A phaimaceudcal composition according to claim 18 in the fwm of an aqueous 
solution or suspension. 

30 
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20. Use of the polymerKlrug conji^te of any of claims 1 to 19 in the treatment of a 
medical condition in connection with which the drug is effective. 

21. Use of a polymer-drug conjugate of any of claims 1 to 19 in the manufacture of a 
5 medicament for use in the treatment of a medical condition in connection with 

>^ch the drug is effective, 

22. A method of treating an animal subject^ including a human being, the method 
comprising treating the animal subject with a pharmaceutically effective dose of 

10 the dextrin-drug conjugate of any of claims 1 to 1 7. 

23. A method according to claim 22 in which the conjugate is administered 
intravenously, intraperitoneally, orally, parenterally or by topical application. 

15 24. A method of preparing a polymer-drug conjugate as claimed m any of claims 1 to 
23, the method comprising succinoylating dextrin and reacting the succinoylated 
dextrin with a drug or reactive derivative thereof. 

25. A method accordmg to claim 24 wherein the dextrin is dissolved in anhydrous 
20 dimethyl formamide. 

26. A method according tp claim 25 wherein the dissp contacted with 
dimethyl amino pyridine and succinic anhydride. 

25 27. A method according to claun 26 wherein the resultant nuxture is purged with an 
inert gas. 

28, A method according to claim 27 wherein chemical reaction is allowed to take 
place over a prolonged period. 

30 

29. A method according to claim 28 wherein said period is at least 1 2 hours. 
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30. A method according to any of claims 24 to 29 wlierein die succinoylated dextrin 
is reacted with doxorubicin hydrochloride to foim the polymer-drug conjugate. 
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